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SHORTEST EQUALS FASTEST: 
UPPER PRIMARY CHILDREN'S PRE-CONCEPTIONS OF SPEED 
Susie Groves and Brian Doig ~ 
Abstract 
An understanding of speed as distance travelled per unit time is fundamental to the development of the more 
complex conception of acceleration. This paper examines the opportunities provided for upper primary children 
to reveal and modify theirpre-conceptions of speed through a walking activity developed as part of the Practical 
Mechanics in Primary Mathematics projecr3. 
Introduction 
The first problem which we have to solve when begilllling to study the conception of 
speed is. of course. to determine what initial intuition or intuitions this proceeds from. (piaget. 
1970. p. 121.) 
While Piaget was an early and assiduous researcher into children's pre-conceptions of 
speed. much of the more recent research into children's understandings of the relationship 
between speed, distance and time has occurred in science, rather than in mathematics. 
education. Research indicates that students come to science classes with spontaneous 
conceptions (or pre-conceptions) which differ from accepted scientific conceptions (Osborne 
& Freyberg, 1985); are remarkably resistant to change, particularly in the area of mechanics 
(Gil-Perez & Carrascosa, 1990); and, at least for force and motion, are already deep-seated by 
age 10 and are not completely eradicated even by formal university study (Eckstein & 
Shemesh, 1989; Ramsden et aI., 1989). 
Vygotsky (1962) characterised children's scientific conceptions as developing 
downwards, while their spontaneous (pre-)conceptions develop upwards, stressing the 
importance of the interaction between these, with spontaneous concepts enriching scientific 
concepts with meaning and scientific concepts offering generality to the spontaneous 
concepts. This is sometimes described as the vine metaphor. Pines and West (1985) adopted 
the vine metaphor as a framework for considering different prototypes of learning situations, 
by considering the extent to which the "upward and downward growing vines" clash or are 
congruent. They consider meaningful learning to take place when the two vines become 
intertwined, with the new scientific knowledge serving to make sense of the learner's world of 
experience. 
This paper examines the opportunities provided for upper primary children 10 reveal and 
modifY their pre-conceptions of speed through a walking activity developed as part of the 
Practical Mechanics in Primary Mathematics project. 
The Practical Mechanics in Primary Mathematics project 
The Practical Mechanics in Primary Mathematics project investigated ways in which 
practical mathematics activities can be used to foster links between upper primary (IO to 12 
year old) children's spontaneous concepts and Newtonian mechanics (see. for example, Doig, 
Groves, & Williams, 1997). As part of the project, a program of classroom activities was 
developed for use in five experimental classrooms to determine the extent that such a 
program, in which teachers have a knowledge of children's spontaneous concepts and engage 
them in discussions which support theory building. results in a shift towards more fonnal 
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concepts. In particular. children's conceptions of speed were critical pre-cursors to the 
development of the more complex conception of acceleration. 
A number of the activities involved children recording the distance travelled in 
successive seconds by a ball or trolley rolling on a track placed at different angles or covered 
with velvet ribbon, and displaying their results in graphical fonn. A metronome was used to 
time one-second intervals, with different children marking positions of the moving object by 
placing small blocks on the floor or table at successive one-second intervals. Paper streamers 
were used to measure distances between the blocks and to then construct bar graphs, referred 
to here as "streamer graphs". Different experiments resulted in (approximately) unifonn 
motion, acceleration and deceleration due to gravity, and deceleration due to friction. 
The use of streamer graphs was designed to facilitate the mathematical modelling of 
situations using the data obtained, but without the need to resort to complicated calculations 
or accurate graphing with pencil and paper. However, it became obvious during the triaIling 
of the program of activities, that children could not necessarily connect the lengths of the 
streamers with the speed of the moving object. We therefore devised a preliminary "walking" 
activity where children made predictions for their graphs when walking at slow, and then 
faster, speeds and then constructed streamer graphs. 
Children's conceptions of speed 
The data sources on which this paper is based include field notes and video tapes of small 
groups trialling the activities; video tapes of 40 children working in groups on a series of 
activities, and subsequent video taped interviews; video tapes of lessons in the five 
experimental classrooms; and written responses from children describing what they had 
learned in the preliminary "walking" lesson. 
An understanding of speed as distance travelled per unit time was fundamental to most of 
the activities used with the children. Most children had little difficulty measuring time 
intervals, either with the metronome or with a stopwatch. Similarly, using paper streamers to 
measure the distance travelled in a given time presented little difficulty. 
However. when asked what the strips of streamer represented, many children were unable 
to make the connection, or perceive the relationship, between distance and time. For example, 
children frequently responded that "it is the distance the ball has gone", but no amount of 
probing could elicit the critical ending "in one second". 
When presented with streamers of different lengths on a graph and asked "in which 
second does the ball appear to be going fastest?" a significant proportion of children identified 
the shortest strip as representing the time interval in which the ball was going fastest. Some 
chndren held to this view tenaciously, while others quickly accepted a majority view that 
covering a greater distance in the same amount of time means that you are going faster. 
However children's views were not always consistent over time. On some occasions children, 
even when in the minority, successfully persuaded the others in their group that "shortest 
equals fastest". 
Discussion revealed that for many children their most vivid experience of measuring 
speed related to the familiar fact that the fastest runner wins the race in the shortest time. The 
fact that the distance is a pre-set condition of a race is, in the main, not obvious to children. 
The walking activities, at a constant slow speed, then a constant faster speed, followed by 
teacher-led group discussion about the distance travelled by the walker. were successful in re-
orientating the perspective and understanding for almost all of the children holding this belief 
although one child insisted that for walking it was "longest equals fastest", but this did not 
apply to balls rolling on tracks. 
Children's own bodily experience proved to be a powerful, convincing data source in 
most cases. An example of a child's response when asked what she found out from the 
walking activity was: 
In this lesson I found out about SPEED. We got Greg and Ahmad [pseudonyms] 
to walk at a certain speed. We did two GRAPHS I blue I red. The red graph was 
on slow walking, the blue graph was on fast walking. The red graph was small: 
Greg's graph. The blue graph was big: Ahmad's graph. It was fun. 
Another child wrote: 
In this lesson I found out that the faster you go the more distance you cover in a 
second and the slower you go the less. 
However, for many children, the fact that the streamers could be used to find the distance 
(perhaps in centimetres) travelled in one second was not enough for them to be able to say 
that they could find the speed of the ball. It was not sophisticated concepts of average speed 
versus instantaneous speed, for example, which caused the difficulty. Instead, children either 
believed that the streamer graph could show only how far the ball travelled (without reference 
to time), or that it showed whether the ball was going fast or slow (but not how fast), or that 
speed could only be given in units like kilometres per hour (and certainly not centimetres per 
second). Paulos (1988) reports similar views as being held by university students. 
Conclusions 
The use of mathematics for modelling real-world situations is often viewed as a 
secondary school activity at best. However, from their earliest days at school children are 
modelling their environment in many mathematical ways, using number, measurement and 
pictorial representation as modelling techniques (Groves & Stacey, 1990). The Practical 
Mechanics in Primary Mathematics project investigated the mathematical modelling 
possibilities inherent in practical activities. 
One aspect of the project, which was seen as a basis for mathematical modelling, was the 
extension of measurement to derived units, in this case speed. Much of the research relevant 
in this instance appears to be commentary on difficulties children have with distance-time 
graphs. These difficulties have been well known since the early 1980s (Hart, Kerslake, 
Brown, Ruddock, Kuchemarm & McCartney, 1981) and have been re-iterated since (Swan, 
1988). It appeared that the inclusion in the project of time-distance relationships would 
interact with some, if not all, of the difficulties. 
Our seemingly simple set of activities revealed that children's pre-conceptions of speed 
were, in Piaget's words, "as if these given factors [time and distance] instead of being 
considered together and correlated, were variable in value, some even being isolated and 
dissociated from the others, and the latter being as it were devalued, or even ignored" (Piaget, 
1970, p. 165). This phenomenon is not unexpected, as research by Ramsden et af. (1989) had 
revealed similar findings with late secondary and university students, who, like Piaget's 
subjects (of a much lesser age) believed that longer distance implies longer time and did not 
understand that speed equals distance divided by time. 
Underpinning the whole of our research was the belief that children's pre-conceptions not 
only need to be listened to and acknowledged, but that there is no easy short cut to developing 
more scientific conceptions. According to Gil-Perez and Carrascosa (1990), the difficulties of 
bringing about deep conceptual change have been likened to what historically represents a 
scientific revolution, while Clement (1982) remarks that rather than being simply capricious, 
students' beliefs appear to be a plausible theory constructed on the basis of experience. 
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Subsequent activItIes, which resulted in acceleration or deceleration, for example. 
revealed the importance of developing an agreed vocabulary. which suitably distinguishes 
between different potential meanings. The project team often found it impossible to decide 
whether children who said a ball "goes faster" meant "faster than last time" or "goes faster and 
faster and faster" - that is accelerates. It became obvious that the concept of acceleration and 
the availability of a word to describe it were often closely linked. 
Classrooms are social environments, with the language used to communicate ideas being 
dravm from the common language register of teacher and children. Mathematics and science 
on the other hand have their own register, requiring words and phrases to have specific, 
precisely defined meanings. The critical role of language, whether scientific or social, is 
apparent. The constraints imposed on children's explanations and conceptualisation, when 
they do not have the appropriate scientific language, indicate the need for careful research into 
the "downward growing vine", and how it can be nurtured best. 
The walking activity described above, shows that children's understanding of the 
fundamental pre-concepts does not simplifY the difficulty of the teacher's task in building an 
understanding of a more complex concept. Without teachers having a sound prior knowledge 
of the range of children's likely understandings of a concept. promoting meaningful 
discussion becomes problematic at best. Teachers who are armed with appropriate knowledge, 
however, can direct children's attention to aspects of activities such as the one discussed 
above, which can provide counter-examples to children's naIve pre-conceptions. 
In the case of concepts that are derived - that is, built from combining other concepts -
the teacher knowledge required will be extensive, and will require teachers to understand the 
relationships between pre-concepts as much as the pre-concepts themselves. This depth of 
teacher knowledge has major implications for teacher educators, curriculum developers, and 
mathematics education researchers. 
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UNIT FRACTION IS A PIVOT CONCEPT TO FRACTIONu 
Milan Hejny " 
Abstract 
The lack of understanding of the concept 'unit fraction' (a fraction of the fonn Ifn) is identified as one of the 
main obstacles in the understanding of the concept of 'fraction'. A new teaching approach to the topic 
'fractions' is suggested. 
Introduction 
The concept of fractions is one of the most difficult in school mathematics. A lot of 
students do not understand the concept and they manipulate with fractions just fonnally by 
means of learnt and practised rules. Our research shows that the concept of fraction is rooted 
in the concept of unit fraction (a fraction of the fonn lIn). Thus, if the concept of unit fraction 
is not developed, a lot of students are not able to grasp the concept of fraction. 
The argumentation for the described thesis comes from three sources: experiments, 
history and theoretical analysis of the process of concept development. These three directions 
show the method used. 
Problem 
Story 1. In a seventh grade mathematics lesson Alex was asked: compare the fractions 1/5 
and 1/6 and prove you are correct. The author was in the class as an observer. 
Alex: Since six is more than five (he puts 6 > 5 onto the blackboard) and since the sign of 
numbers changes by turning them upside down ... 
Teacher (interrupts the boy's speech): ... by making the reciprocal .... 
Alex: ... since by making the reciprocal changes the sign, one fifth is more than one sixth. 
After the lesson I spoke to Alex and I ask him to explain what does it mean three fourths. 
He shared this properly by means of a circle modeL Then I asked him to compare zero point 
twenty five and one third? Alex after 2 seconds of hesitation said Zero point two five is bigger 
and then he explained it by the following argumentation: Zero point two five is the same as 
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